Résumé -Nous faisons une revue des données existantes sur les asymétries' dans la diffusion profondément inélastique avec un changement des hélicités du quark et du lepton. Nous discutons l'état actuel de l'expérience E.M.C. sur les fonctions de structure de spin ainsi que les développements futurs.
The process of Deep Inelastic Scattering using electron, muon and neutrino probes has been very successful in developing our present understanding of the role of quarks and gluons in strong interactions. This knowledge has been obtained mainly from measurements of the scattering cross-section which determine the structure functions over a Wide kinematic range. Precise measurements of the structure functions using muon beams provided evidence that A related to o^, the strong coupling constant was small (1) and that quarks behaved differently in bound and free nucleons, the E.M.C. effect (2) . The extension of these experiments to those where the lepton and/or quark spin is defined in the initial state provide additional new information as highlighted by experiments on weak electromagnetic interference. In this lecture, we shall review the current status of these experiments and indicate what new information can be expected in the future from muon experiments.
The kinematics of the deep inelastic scattering process are illustrated in fig. 1 . For an incident muon of energy E and scattered energy E' and scattered angle 0, we can define the following variables. Q 2 = 4EE' sin 2 6/ = EE'e 2 (small 6) V = E -E' and the scaling variables x = Q 2 /2mv and y = v/E. For a fixed incident energy, low Q 2 corresponds to small scattering angles and as Q 2 increases we move into a region of larger x and larger y in the kinematic plot.
The muon beam is naturally polarised since the muons are produced by the weak decay of pions in flight. It is easy to produce a highly polarised beam of 1^ from TT ,s by selecting forward ir + p decays in the pion centre-of mass, i.e., muons of energy close to that of the parent pions. The effect of tuning the muon beam momentum to maximise the beam polarisation is illustrated in fig. 2(a) and the corresponding reduction of the muon flux is shown in fig. 2(b) . A beam of u^ of approximately half the pion energy can be made from ir ,s by selecting backward TT •»• ]i decays in the pion centre-of-mass. Unfortunately for the same incident pion flux, the vu beam has only 10% of the y L intensity for the same momentum bite, and therefore many more protons are required for a u£ beam. The simplest method of producing a Un beam is to use forward y~ decays from an incident ir~ beam. However we have to consider any additional asymmetry introduced by the change in sign of the charge as well as the helicity.
Although it is possible to calculate the polarisation of the muon beam, it
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The muon f l u x v e r s u s pion momentum f o r a muon momentum of 200
GeV/c . i s n e v e r t h e l e s s e s s e n t i a l . t o measure it i n t h e experiment s i n c e t h e p o l a r i s a t i o n can change due t o our lack of understanding of t h e kaon background i n t h e pion beam and t h e muon energy l o s s i n magnetic c o l l i m a t o r s which determine t h e momentum spread of t h e muon beam. The muon p o l a r i s a t i o n can b e determined u s i n g t h e U + e decay process where t h e p o l a r i s a t i o n i s measured from t h e energy spectrum of t h e decay e l e c t r o n s a s i l l u s t r a t e d i n f i g .
.
Previous measurements have been c a r r i e d o u t by t h e B.C.D.M.S.
Collaboration ( 3 ) and t h e s e a r e i n agreement with t h e c a l c u l a t e d value t o within 10%. For t h e p r e s e n t E.M.C. experiments, we p l a n t o measure t h e p o l a r i s a t i o n t o a p r e c i s i o n of 5% a t 100 and 200 GeV/c muon momenta. Fig. 3 The e l e c t r o n energy spectrum i n muon decay f o r d i f f e r e n t values of t h e muon p o l a r i s a t i o n . Maximum s e n s i t i v i t y a t y = 0.75.
In deep i n e l a s t i c s c a t t e r i n g , asymmetries can a r i s e by changing t h e s i g n o r t h e p o l a r i s a t i o n of t h e l e p t o n o r by changing t h e p o l a r i s a t i o n of t h e nucleon (quark) o r both.
W e s h a l l f i r s t consider what happens when we change t h e s i g n of t h e charge of t h e lepton.
Here an asymmetry can a r i s e due t o t h e i n t e r f e r e n c e between t h e normal one photon exchange process and t h e two photon exchange process.
The cross-section can be w r i t t e n i n terms of t h e charge e U a s where t h e l a s t term is t h e i n t e r f e r e n c e term which changes s i g n when t h e s i g n of t h e muon charge i s changed. The asymmetry A* measures t h e d e v i a t i o n introduced by t h e presence of any two photon exchange contributions. The r e s u l t s a r e u s u a l l y p l o t t e d a s a f u n c t i o n of U s i n c e any e f f e c t should have a l o g u o r a U l o g U behaviour.
The r e s u l t s of a n experiment c a r r i e d o u t by t h e B.C.D.M.S.
Collaboration a r e presented i n f i g . 4 and show t h a t t h e r e i s no evidence f o r any two photon exchange e f f e c t s . However r a d i a t i v e c o r r e c t i o n s should be a p p l i e d t o any experimental r e s u l t when t h e h e l i c i t y i s changed by changing t h e s i g n of t h e charge.
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The h e l i c i t y asymmetry provides a s e n s i t i v e measurement of t h e e f f e c t of t h e weak i n t e r a c t i o n brought about by replacing the photon propagator by t h e ZO boson propagator f o r n e u t r a l current processes. The r e l a t i o n s h i p of t h e d i f f e r e n t leptonic processes connecting the ZO propagator t o those leptons.
100
P / GeV the different leptonic and quark weak processes. The electron and muon quark scattering processes (i.e. deep inelastic scattering) provide an important link between all the various leptonic and quark weak processes. The magnitude of the interference term is given by:
when V,, and a are the standard vector and axial couplings and h is the muon helicity. G ! X) and G (8) are the interference structure functions analogous to (Zolding the charge fixed), then the asymmetry is given by when K = l .8 1 0 -4 G~v -~ and A and V are related to the weak quark couplings. The A-asymmetry is given by which is therefog? very small, -1% even at = 100 (GeV/c) 2 . The A+ term is not sensitive to sin2& due to the near cancellation of the two terms in the above expression.
If we now change the beam helicity and the charge simultaneously as for example 4 + c, then we can define a new asymmetry.
The B asymmetry is a factor of two larger than the A asymmetry and is essentially parity conserving since V,,is very small. The A asymmetry is parity violating as it involves vector-axial combinations.
The B asymmetry is relatively easier to measure since by reversing the sign of the muon beam, the energy is unchanged and we only lose a factor of 3 in the muon intensity.
An experiment has been carried out by the B.C.D.M.S.
Collaboration (4) to measure the B asymmetry using the apparatus illustrated in fig. 6 . The apparatus consists of ten iron toroids magnetised to saturation containing ten target sections 5 metres long. Scintillation hadoscopes and proportional chambers are placed along the length of the modules to trigger the apparatus and to track the helical path of the scattered muon. Data were taken at 120 and 200 GeV, where the lower energy data have been used mainly to provide cross-checks on systematic errors and radiative corrections. The results of the B asymmetry are illustrated in figs. 7 and 8 and show excellent agreement with the S-W-G model of the electroweak interaction (5) . The importance of controlling systematic errors is clearly indicated in fig. 8 where the effect of a 0.3% change in the absolute determination of the spectrometer field or in the difference of the Ftf and p- to gain at most a factor of 2 with present and future fixed target accelerators. New experiments using neutrino beams offer the best hope of achieving high precision in the determination of sin2& at << unless some new feature of the higher order weak contribution arises which would make muonquark interaction unique, then we do not see any physics argument to pursue any further measurements on the weak asymmetries using muon beams. Fig. 7 The B asymmetry versus g(y) b2 (GeV) measured by the NA4 experiment at E P = 120 GeV. 
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We shall now consider quark asymmetries where the proton is longtitudinally polarised. The cross-section for unpolarised muon-proton inelastic scattering is given in terms of the w1(Q2,v) and w2(Q2,v) structure functions by 1f we now differentiate between the two spin states of the initial proton, then we can define two additional spin-dependent structure functions G1(Q2, V), G~( Q~, V)
The spin dependent structure functions can be isolated by using the crosssections for lepton-nucleon spins parallel (44) and anti-parallel (41). Jir;l and is very small in the kinematic range of the the A term is dominant, which corresponds to the 1 longtitudinal spin measurements. A~(X,Q~) is model dependent and can be predicted using various assumptions on how the spin of the proton is taken up by the quarks.
It is possible to calculate precisely a sum rule for polarised structure functions. The Bjorken Sum rule (6) is given by:
It is interesting to note that the sum rule is heavily weighted to small X by the term and therefore the measurements of A (X) should extend down to very small X. 1
A second sum-rule is given by Ellis-Jaffe ( 7 )
The spin polarisation structure functions g(x,g2) are expected to show similar scaling deviations at large and small X as given by F(x). These have been calculated in Q.C.D. by Darrigol and Hayot (8) and the prediction for g(x) and A(x) are illustrated in fig. 9 . From these curves it will be very difficult to measure scaling violations in a single experiment.
The only experiments which have been completed so far on polarised structure where N is the number of events and a 5% uncertainty has been taken for PB and PT. We should therefore endeavour to enhance all the various factors P , , PT and f to the largest possible values and control the systematic errors in the experiment. The results of the SLAC experiment for the A1 asymmetry are illustrated in fig. 10 showing that the asymmetry increases towards unity at large X, The predictions of various models are also illustrated in fig. 10 . The spin-dependent structure function glP(x) is plotted versus X in fig. 1 1 where the value of F (X) was taken from a Buras-Gaemers parameterisation (10) and R was 2 taken as 0.25.
The data covering the X range (0.1 I, X 5_ 0.65) do not show any The d a t a have been used t o t e s t t h e Bjorken sum r u l e and t h i s i s i l l u s t r a t e d i n f i g . 12. However s i n c e t h e d a t a a r e predominantly a t l a r g e X, t h e sum r u l e i n t e g r a t i o n covered by t h e experimental d a t a i s much l e s s t h a n h a l f of t h e t o t a l weighted sum. From t h i s p l o t , we can s e e t h e importance of extending measurements t o small X.
BJORKEN SUM RULE Fig. 12 The measurement of t h e Bjorken sum r u l e given by t h e S.L.A.C.-Yale data.
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The E.M.C. experiment has taken data using a polarised target this year. We have collected one million good reconstructed events (assuming 10% of all triggers produce good events) at an incident muon energy of 200 GeV and half a million good events at 120 GeV. The beam intensity passing through the polarised target was 3 X 10 pls/spill. The Q2 range has been extended up to -50 (GeV/,) and the X range has been extended down to 0.015.
The polarised target contains NHS which has the highest free proton content of 17.5% and has the remarkable property that a high polarisation of ),80% can be achieved after irradiation (11) .
In the experiment to measure the structure functions F ( x ,~~) , we had found that the largest source of systematic errors arose from Pime variations of the beam and the measuring apparatus (mainly wire chambers). The polarised target was therefore split into two sections of 40cm along the beam line and the two cells were polarised in opposite directions. The targets were separated by 20cms to enable a clean separation of the two classes of events (44 + ++) and the two spin configurations were recorded simultaneously in the detection apparatus. The direction of the spin was interchanged in the two targets at least once per running period to reduce any systematic effects due to filling factors, geometry and acceptance.
The measurement of the kinematics of the scattered muon were made using the standard E.M.C.
spectrometer illustrated in fig. 13 to which additional chambers have been added to improve the reconstruction of the scattered muon back into the target cells. The apparatus consists of a large dipole magnet with drift chambers placed on either side to measure the trajectory of the scattered muon. Scintillation counter hedoscopes are used to trigger the experiment and to veto unwanted halo muons which are not in the beam. Fig. 13 The muon spectrometer of the E.M.C. collaboration.
S.T.A .C. TARGET POLARIZED TARGET
As we have just finished running very recently, we are unable to provide any results at this conference since there is quite an involved procedure requiring alignment of the detection planes, efficiency determinations, geometry and kinematics to be gone through before it is possible to produce physics. However in order to give an indication of what the data should look like we have used the present statistics to simulate the results. The errors are purely statistical since we cannot predict the size of the systematic errors until all the data have been analysed.
The results of this simulation are illustrated in fig. 14 for the A asymmetry, in fig. 15 for the structure function gl(x,Q2) and in fig. l 6 ' for the Bjorken sum rule for A EYom this simulation we can see that it should be 1 possible to make a more precise test of the models for the asymmetry AI, but it will be difficult to determine a p2 dependence for A 1 or g(x,Q2) unless we can combine the E.M.C.
and SLAC data. We should be able to provide a good test of the Bjorken sum rule. However we have to stress that we have performed our simulation bases on an extrapolation of the existing SLAC results and that the size of the systematic errors will be crucial in deciding the overall quality of the data. We intend to take more data with the polarised target in 1985, but here the running will be divided between a more detailed study of the E.M.C. effect using heavy targets and the polarised target. It will be difficult to increase the present statistics by more than 50%, but this data will be very important to help our understanding of the systematic errors when compared with the 1984 data. Clearly it would be very beneficial to improve the statistical accuracy of the experiment by an order of magnitude assuming that the systematic errors can be kept under control. However we do not believe that this is feasible with the present apparatus or muon beam. A measurement of A (x,Q 2 ) using tranversely polarised quarks would be very interesting, but this again is difficult to achieve with a muon beam. We also believe that it would be very useful to have a measurement of the fundamental quantity A n for the neutron. Such an experiment requires a polarised deuteron target which only produces neutrons polarised to the order of 30%. This measurement should be carried out at SLAC, where the lower energy is well matched to the larger x region where A n is expected to be non-zero and where the intensity can be increased provided the target can be developed to handle the rate. We believe that this measurement should be made at some time in the future.
